The present study was undertaken to investigate the hepatoprotective activities of aqueous extract of Pleurotus ostreatus (oyster mushroom) against lead-induced hepatotoxicity in Rattus norvegicus (albino Wistar rat). The different groups of the animals (groups 2, 3, 4, 5 and 6) were administered a single dose of lead after groups 3, 4, 5 and 6 have been pre-treated with aqueous extract of Pleurotus ostreatus at concentrations of 50mg/kg, 250mg/kg, 500mg/kg and 1000mg/kg daily, respectively for 21 days. Hepatoprotective effects were studied by the liver marker enzymes concentration assay [Alanine Aminotransferase (ALT) and Aspartate aminotransferase (AST)]. Hepatotoxicity-induced rats (group 2(control II)) showed increased level of ALT and AST (26.25 ± 1.49 vs 21.57±1.32 and 54.75 ± 5.13 vs 35.5±1.66 U/L, P < 0.05) in serum when compared to group 1(control I). On the other hand, the rats pre-treated with aqueous extract of Pleurotus ostreatus showed hepatoprotective effects by maintaining the levels of ALT (group 3: 14.00± 1.58, group 4: 15.50± 2.18, group 5: 14.75± 2.50 and group 6: 13.75 ± 1.18 U/L) and AST (group 3: 37.75 ± 5.20, group 4: 44.25 ± 2.87, group 5: 51.25 ± 1.89 and group 6: 44.00 ± 1.96 U/L,) in the serum around the normal levels. These were observed to be significantly lower than group 2. This result reveals that aqueous extract of Pleurotus ostreatus demonstrated some degree of hepatoprotection against lead induced hepatocellular injury. Hence, it is recommended that Pleurotus ostreatus be included as one of the functional food with hepatoprotective qualities.
Introduction
Lead is a naturally occurring toxic metal found in the Earth's crust. Its widespread use has resulted in extensive environmental contamination and significant public health problems in many parts of the world [1] . There have also been reports of Lead as a common environmental pollutant with its associated environmental effects as a result of its uses in industries in the production of lead-acid batteries, lead wire or pipes, and metal recycling [2, 3] . Human beings are also being exposed to Lead through contact with lead in air, household dust, soil, water, and commercial products [4] . Eating of food grown in contaminated soil can present lead hazard [5] .
Researches have shown that lead are majorly stored in the blood, soft tissues, and bones, and the half-life of lead in these tissues are in weeks, months and years respectively. However, when lead is exposed to organs like liver and kidney, it poses a threat to the physiological wellbeing of that individual [6] .
Over the years, medicinal and herbal therapies have been used to alleviate liver damages. The growing interest in the use of herbal therapy due to their little or no side effects have fueled many researchers to discover many herbal products. Several studies have demonstrated the protective effects of herbs against experimentally induced liver injury. Specifically, the edible mushroom is known to have some therapeutic properties such as antioxidant [7, 8] , antitumor/anticancer [9] , antimicrobial, immunomodulatory [10] , anti-inflammatory [11] , antiatherogenic and hypoglycemic actions [8] in different trials.
Injury to the liver, whether acute or chronic, eventually results in an increase in serum concentrations of the common liver enzymes aminotransferases: aspartate aminotransferase (AST) and alanine aminotransferase (ALT) [12] .
The two methods commonly used to remove heavy metals from the body include chelation and supportive measures. Chelation is a chemical process that has applications in many areas, including medical treatment, environmental site rehabilitation, water purification and many others. Several chelating compounds have been used to manage lead toxicity but none is so suitable in reducing lead burden in chronic lead exposure [13] .
Moreover, these chelating agents, in turn, are potentially toxic [14] and often fail to remove lead burden from all body tissues, according to research report on chelating agents and lead toxicity management. In order to address this problem, natural therapies to promote chelation, detoxification and protection are gaining popularity especially due to their minimal or no side effects. Medicinal properties of plants have also been investigated in the light of recent scientific developments throughout the world, as a result of their potent pharmacological activities, low toxicity and economic viability [15] .
Choudhury [16] reported that P. ostreatus extract has significant therapeutic effects on blood pressure and glycemic status of hypertensive diabetic male volunteers. Lentinus edodes extract prevented severity of liver damage caused by paracetamol as evidenced by the low level of bilirubin in the serum [17] .
Material and methods
This study was conducted in the Department of Animal and Environmental Biology, Animal House, Choba Campus, University of Port Harcourt, Choba, Rivers State, Nigeria. Dry P. ostreatus was purchased from the mushroom farm in Rivers State University, Port Harcourt, Rivers State, Nigeria and pulverized with electric blender. The powdered mushroom (650 g) was maserated in three litres of water then boiled for 30 minutes. It was later filtered through no1 watman filter paper. The supernatant was evaporated to dryness to have the aqueous extract.
A total of twenty four (24) healthy, adult Wistar strain of albino rats of both sexes weighing 150-200 g were used for this study. They were equally distributed into six (6) groups of four animals each. The animals were acclimatized for two weeks and fed with poultry growers mash and water ad libitum. Animals were maintained under standard condition of 12-hour's light/ dark cycle and at an ambient temperature of 23 ± 2 o C, with 65 ± 5 % humidity. Groups 3, 4, 5 and 6 were pre-treated with crude aqueous extract of Pleurotus ostreatus of concentrations 50 mg/kg, 250 mg/kg. 500 mg/kg and 1000 mg/kg respectively for 21 days. Thereafter, groups 2, 3, 4, 5 and 6 were treated with 200 mg/kg single dose of lead each. Within 24 hours the animals were anesthetized and blood collected from the retro-orbital venous for blood analysis.
Data were analyzed using ANOVA in SPSS statistical software with the result expressed as mean ± standard error (SE).
Results
The administration of lead in rats resulted in a significant hepatic damage as observed from the average mean elevated levels of serum ALT and AST (Fig 1) as shown in group 2(control II) below. Group 1(control I) showed a normal level of serum ALT (21.75±1.32) and AST (35.5±1.66).
The results obtained showed that in the serum levels of ALT, mean (± SEM) of group 1 and group 2 were 21.75 ± 1.32 and 26.25 ± 1.49 respectively (Fig. 1) . No statistically significant mean difference of the two groups was seen (p > 0.05). However, of the pre-treated groups; group 3 (50 mg/kg), group 4 (250 mg/kg), group 5 (500 mg/kg) and group 6 (1000 mg/kg) were 14.00± 1.58, 15.50± 2.18, 14.75± 2.50 and 13.75 ± 1.18 respectively (Fig. 1) were all statistically different (p < 0.05) from the group 2, but were not significantly different (p > 0.05) from one another.
Simultaneously, the serum levels of AST of group 1 and group 2 were 35.50 ± 1.66 and 54.75 ± 5.13 respectively. With a statistically significant mean difference (p < 0.05) between the two groups. Also, the levels in the pre-treated groups; group 3 (50 mg/kg), group 4 (250 mg/kg), group 5 (500 mg/kg) and group 6 (1000 mg/kg) were 37.75 ± 5.20, 44.25 ± 2.87, 51.25 ± 1.89 and 44.00 ± 1.96 respectively. These were not significantly different (p > 0.05) from one another, but they were significantly different (p < 0.05) from group 2 (Fig) . 
Discussion
The experimental intoxication induced by lead is widely used for modeling liver injury in rats. Hepatotoxicity is connected with severe impairment of cell protective mechanisms. Pleurotus ostreatus extracts, on the other hand, have been reported to possess potent antioxidant, antihypercholesterolemic, immunomodulatory and anticancer properties [18] . In similar way, potential hepatoprotective effects have also been reported.
In the present study, the results demonstrated that the administration of high dose of lead in group 2 (control II) significantly increased serum levels of acute liver damage indicators. However, direct evidence of lead hepatotoxicity was noted in the occurrence of dramatic elevations in the levels of serum ALT and AST when compared to group 1(control I) which is the normal ALT and AST levels, and the mushroom pretreated groups( groups3,4,5,and 6) Thus, is in agreement with previous reports. [19] .
In accordance with the results, pre-treatment with oyster mushroom aqueous extract significantly provide protection against hepatic injury due to lead. When the serum ALT and AST activities were compared with the controls (I & II). Data obtained revealed that the concentration levels of serum ALT and AST were significantly (P<0.05) lower in groups pre-treated with the mushroom extract when compared with group 2. It therefore demonstrated that mushroom extract has a potent hepatoprotective effects against lead hepatotoxicity [20] .The observed hepatoprotective effect might be as a result of the amelioration of the underlying mechanisms by which lead causes cellular damage, with subsequent suppression of the leakage of these enzymes into the blood.
However, the serum level ALT varied randomly between the groups. The data revealed that the pre-treated groups was significantly different from the controls (II) the mean values showing significant reduction of the serum ALT. It was also observed from the data that the level of the serum ALT in the pretreated groups were below the value for the normal range. This was in agreement with the report of [21] . The serum levels of AST also varied randomly between the groups with significant difference when compared to group 2(control II) to confirm its hepatoprotective activity. Data from the mean values also showed a significant difference when compared to both group 1 and group 2.
Conclusion
Finally, it can be concluded that aqueous extract of Pleurotus ostreatus is hepatoprotective against lead induced hepatotoxicity in Wister albino rats. Serum ALT and AST showed differences in the enzymes concentration as a result of lead-induced hepatotoxicity, which was correspondingly alleviated by the hepatoprotective activities of Pleurotus ostreatus. However, the hepatoprotective potential was not dose dependent in the pretreated groups. It is therefore recommended that researches on the efficacy of different doses of mushroom extracts and at different durations be carried out so as to arrive at a definite effective dose for hepatoprotective treatment.
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